Shasta River TMDLS

leeting of the Technical Advisory Group and Interested Pa

April 18, 2005




Purpose ofi Meeting

 To update the group on the status of Shasta
River temperature and dissolved oxygen TMDL
efforts

 To get your input

« TO answer your questions




> Introductions
> TMDL scope, schedule, and status

> Analytical tools — scope and status
o Water quality model
o Benthic algae model
o Mass balance, mixing, and residence time

calculations
o Productivity calculator

> Water quality model scenarios

> Geographic information analysis
> Implementation Plan concepts
> Feedback — O &A







lemperature and dissolved oxygen
MDLs

o Water quality objectives
o Beneficial uses

> Applies to Shasta River watershed

> Determine sources and guantity of
pollutants the river can receive and: still
meet standards

> Develop plan to attain and maintain
Standards




Public meeting on draft TMDL Report —
Peer review of draft TMDL Report -
Public review of TMDL Report —

> Regional Water Board Workshop on TMDL —

> Regional Water Board Hearing on TMDL —

> State Water Board Workshop and Hearing on
TMDL —

> EPA approvali ofi IMDL —
> TMDL implementation —




Avallanle Work Products

http://mww.waterboards.ca.gov/northcoast/progra
ms/tmdl/shasta/shasta.html

> Shasta River Dissolved Oxygen TMDL
Work Plan

> Shasta River Water Quality Conditions —
2002 & 2003

> Shasta River Water Quality Related
Investigations — 2004

> Lake Shastina Limnolegy (WWatercourse)




> TVA RMS: Extension of Abbott (2002) to
Include
o Dissolved Oxygen

o FOrcing Functions
Biochemical Oxygen Demand
Nitrogeneous Oxygen Demand
Sediment Oxygen Demand
Attached Algae Standing Crop

> Analytical “Toolbex”




> [Wo models

o« ADYN: Hydrodynamics (Flow)

o« QUAL: Water Quality
Temperature
Dissolved oxygen
Biochemical Oxygen Demand

Nitrogenous Biochemical Oxygen Demand
Specified:

o Sediment oxygen demand

» Attached Algae

o lemperature

> One-dimensional model, finite difference
model




e U.C. Davis (1997) [RCD; SWRCB 205())]-
Data Inventory
Riparian vegetation inventory

~low and temperature modeling

» Abbott (2002) [RCD; CDFG, USFWS].

« Application of TVA RMSfor flow and
temperature

 Modification to shade routine




TVA RMS Framework

Geometric

Description
- X-y description

- Gradient

- Cross section

- Riparian vegetation
shading

ADYN
- Veocity
- Depth
- Cross sectiona area
- Water surface areaflow

Boundary

Conditions
_ - Headwater and tributary
flow
- Diversions and return
flows

- Accretion/depletion

U

RQUAL

- Water temperature

- Dissolved oxygen

- Biochemica Oxygen
demand (BOD)

- Nitrogenous Biochemical
Oxygen demand (NBOD)

U

Output
- tabular
- graphical/animation

Boundary

Conditions

- Headwater, tributary,
inflow (A/D): Tw, DO,
BOD, NBOD

- Pmax/Rmax

- Sediment oxygen demand
(SDOD)




RMS Model Representation

Prototype Mode

Depth averaged: z

Laterally averaged: y
J—»y




River Representation

—— River
¢ Modda Nodes




> Riparian Shading (Abbott, 2002)

> Modified input geometry.
« FROM: Abbott, 2002

o 10O: Lamphear, 2004

> Geometry modifications required updating
o Flow
o Water quality
e Shading




> Calibration State VVariables
o Flow
o Iemperature

o Dissolved Oxygen

> Calibration/Validation Periods:
. 9/17/2002-9/23-2002 (Cal)
. 7/02/2002-7/08/2002 (Val)
. 8/29/2002-9/04/2002 (Val)
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Shasta River
Near Mouth
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> Model implementation, updates,
modifications, methods

> Available data

> Model parameters and final values used
> Graphical and statistical presentation
> Sensitivity analysis




> Objective: compliment RMS in the
assessment ofi water guality

> loolbox

Benthic Algae Model

Mass Balance

Residence Time

Mixing Model

Primary Productivity: Calculator




1. Benthic Algae Model

> Objective: determine algae response to light and
nutrient conditions

> Mass balance model was a volume-based model

— e

Growth Resp Mort Graz Scour

Sl
Pt+At:Pt_l_At((/umaxLF_Rb_Db_Zb)Pt_ tj

LF = (T, Light, N, P, Si, C)
> Logic based on QUALZ2

> Initial application indicates Shasta River is sensitive
to light and to a lesser extent nutrients (particularly
nitrogen)



2. Mass Balance

> Objective: estimate impacts of inflows on
mainstem water quality

Q1, C1

Control Volume
| dealized instantaneous

and complete mixing (Qlcl + QZCZ)

(i.e., no reaction, SourcesCC | =
or sinks active) 3 QS

Q2, C2

Actua “mixing zone”




3. Residence Time

> Objective: estimate residence time of
Impoundments

Flow

e

Length

Residence Time, ® = V/Q

I V = reservoir/reach volume [L3]
oo Q = flow [L¥/T]

<+“—>
Top Width



4. Mixing Zone

> Objective: estimate mixing length of inflows

(conservative)

Actud Theoretical
River River L = OCUWZ/ (St)

QL cL (Fischer et al, 1979)

L = mixing length
o = 0.1 center
0.4 side
u = velocity
W = width
g, = Pdu*
B=0.1-0.8
: d = depth
u* = (gdS)1/2
g = gravity
. d = depth
L S = bed slope




5. Productivity Model

> Objective: estimate photosynthesis and
respiration rates of standing crop for RMS

» Kansas Biological Survey Model

> Estimates photosynthetic rate based on
specified
« Dissolved oxygen
o Temperature
o Velocity
o Depth



> Introductions
> TMDL scope, schedule, and status

> Analytical tools — scope and status
o Water quality model
o Benthic algae model
o Mass balance, mixing, and residence time

calculations
o Productivity calculator

>

> Geographic information analysis
> Stable Isotope results

> Implementation Plan concepts
> Feedback — O &A
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Scenarios

Riparian Shading
Dwinnell Dam releases
mpoundment Effects
Return flows
Yreka Creek

Increased Flows

Bold: completed preliminary
analysis, all othersin progress

Benthic Algae
“Plumbing” changes

Combination to meet water quality

objectives and targets




> Objective: Identify role of shading on water
temperature (reduced solar radiation) and
dissolved oxygen (reduced algal
production)

> Preliminary Findings:

o Water temperature: increased shade leads to
overall lower mean, min, and maximum daily
temperature

o Dissolved oxygen: increased shade tends to
Decrease daily maximum
Increase daily minimum

Increase daily mean (due tolower Tw and assec.
nigher DO saturation)
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> Objective: Identify impact of Edgewood Road
“‘guality” and Dwinnell Reservoir release guality
on Shasta River water temperature and
dissolved oxygen

> Preliminary Findings: river returns to equilibrium
temperature and saturation dissolved oxygen
conditions guickly

Elevated nutrients at depth of reserveir may
contribute to Increased aquatic plant growth
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> Objective: Assess potential iImpacts of
Impoundments on water quality (in-
reservoir and In-river)

> Results: (pending)
o Lake Shastina Limnology:




> Objective: Identify impacts of 3 cfs return flow on
water guality of Shasta River reaches between
Dwinnell Dam and Highway 263.

> Preliminary Results: Return flow of this

magnitude has a modest effect on temperature
and dissolved oxygen of river reaches, the

exception being the reach from Dwinnell Dam to
Louie Road.

Effects ofi nutrient and sediment Inputs pending




September

River Mile Q1 (cfs) C1(°C) Q2(cfs) C2(°C) C3(°C) CHANGE

10 24.2 18.7 3 17.8 18.6 <0.3

10 24.2 18.7 17.8 18.5 <0.3

15 20.7 17.8 17.8 17.8 <0.3
17.8 17.8 <0.3
17.8 17.4 <0.3
17.8 17.4 <0.3
17.8 17.3 <0.3
17.8 17.3 <0.3
17.8 16.0 <0.3
17.8 16.0 <0.3
17.8 15.5 0.7
17.8 15.9 1.1

15 20.7 17.8

20 64.2 17.4
20 64.2 17.4
25 104.2 17.3
25 104.2 17.3
30 92.4 15.9
30 92.4 15.9
35 9.8 14.8
35 9.8 14.8

Q1, C1=Shasta River parameters

O WO WO WO WO WO

Q2, C2=Return Flow parameters

July and August results are similar
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> Objective: ldentify potential impacts of
Yreka Creek on mainstem Shasta River
temperature, dissolved oxygen, and
nutrients

> Results: pending




> Objective: ldentify the Impacts of
Increased mainstem and Big Spring Creek
flows on Shasta River temperature and
dissolved oxygen (10%, 20% Increases

based on local flow)

> Results: pending




> Objective: Identify the impacts of
Increased and decreased benthic algal
production on Shasta River dissolved
oxygen conditions.

> Preliminary Results: pending




> Objective: ldentify potential opportunities
for iImproving water guality by altering
diversion locations

> Results: In progress




> Introductions
> TMDL scope, schedule, and status

> Analytical tools — scope and status
o Water quality model
o Benthic algae model
o Mass balance, mixing, and residence time

calculations
o Productivity calculator

> Water quality model scenarios
>

> Stable Isotope results

> Implementation Plan concepts
> Feedback — O &A




Objective: Compliment Shasta River water guality
assessment; identify landscape-level sediment
and nutrient loading rates

> Arc Hydro Data Model

o Used extension for ESRI ArcGIS to delineate
subwatersheds from water guality observation points

> Universal Soil Loss Equation
o Approximate soll loss potential

> Simplex Nutrient Model v. 2.0
o Approximate nutrient loading potential




> The ArcHydro data model is a robust inter-relational
geodatabase specific to hydrological resources.

o Developed by Professor David Maidment (Univ. of
Texas) and issued by ESRI, ArcHydro goes a long way.
toward standardizing the practice of water resource
cataleging within a GIS.

o Check out the following website for further information:

http://www.esri.com >> Search for ArcHydro

> Uses established methods for extracting
hydrography from DEMS, creating a vector network
within a geodatabase, establishing network
topology with unigue Identifiers, and creating
nested drainage hasins for olbservation locations.




ArcHyadro
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Streams

Cartography and stream analysis

Usually mapped by government mapping and resource agencies
Edges and nedes for the stream network polygons for lakes

Each edge has a flow direction and flows into another edgear sink
Atypical mapscaleis 1:24 000, lacational accuracy is about 10 meters
Streams are drawn with blue lines with varying weights and patterms

Hydrographic points

Gage staticns on a stream network and features such as dams
Usually mapped by govermment mapping and resource agencies
Junctions, netwark flags, and points on a stream network

Points can be related to junctions on the netwerk

Atypical mapscale s 1: 24 000, locational accuracy is about 10 meters
Typically drawen with colored drcle markers by type

Drainage areas

Crainage arsas are used to estimate water flow into rivers

Derived from digital elevation models

Pobgan with points at drainage outlets

Each drainage area covers a streamn section

Atypical mapscaleis 1:24 000, locational accuracy is about 10 meters
Shadled palygons can depict sub-basins

Hydrography

The hydrographic layer intopegraphic maps

Mapped by government mapping agency

Point. line, palygon and annotation for water features

Strea ms fead rivers, rivers flow into lakes oroceans

Atypical mapscaleis 1:24 000, locational acouracy is about 10 meters
Mational cartegraphic standards are applied to water features

Channzls

Hydraulic analysis

Derived from surface model or land surveying

Cross sections and longitudinal profiles along a river channel
Cross sections are perpendicular ta flawlines

Atypical mapscaleis 1:2 400 with location accuracy about 1 meter
Channels, lowlines, and cross-sections shown with graphs

Surface terram

Deriving streams and drainage areas, also cartographic background
Cigital elevation madels

TIN surface madel or raster with elevations

If raster, each cell has an elevation.IF TIR, each face joins to form surface
Atypical mapscaleis 1:2 400 with location accuracy about 1 meter
Elewation is usually shown with graduated colars

Hydro respense

= Owerlaved with rainfall grid to estimate floed or drought conditions

Derived from combining layers such as seil, vegetationand land use
Polygon

Pobgans tesselate an area

Atypical mapscaleis 1:24 000, locational acouracy is about 10 meters
Polygons can be shaded in proportion to rainfall response values

Digital arthophetagraphy

Map background

Aerial photogrammetry and sateliite collection

Raster

Pixels tesselate the areaimaged

Pixel resalution typically is 1 ta 2.5 meters or better

Tone, contrast, and balance of gray scale or coler presentation
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. Geodatabase

Feature dataset
Channel

Line feature class
CrossSection

Line feature class
ProfileLine

Feature dataset
Drainage

Polygon feature class
Basin

Polygon feature class
Catchment

Line feature class
Drainageline

Point feature class
DrainagePoint




ArclHyadroer sub-Wwatersheads

> Used Lamphear’s blue g

lines to recondition
digital elevation model
through ArcHydro tool
set.

|dentified water quality
observation locations
within GIS.

Generated upstream
drainage boundaries or.
sub-watersheds for
each observation
location.

Scale: 1:50000 [Live]




> Developed by the Soil Conservation Service
(Wischmeler & Smith 1978) to approximate surface loss
rates of soll due to rainfall > estimated in tons / acre or
metric tons / hectare per event, such as a storm

> Uses 4 primary parameters:

(ReCesKeSL «P)

o R » Rainfall Intensity Factor

e Co Cropping Factor (p - Conservation Practice)

o K o Soll Erodibility Factor

o SL » Slope Length / Slope Steepness Factor

Wischmeier, W.H., and D.D. Smith. 1978. Predicting Rainfall Erosion Losses: A Guide to
Conservation Planning. USDA Handbook No. 537. U.S. Department of Agriculture,
Washington, DC.




R s Rainfallflintensity, Factol,

> Rainfall Intensity is a function of
kinematic energy (E) * storm
intensity (1)

Used NOAA storm data
contours* to infer Y2 hour

Intensity estimate for the
watershed (HMR 58/59).

Modeled each month as an

event using PRISM

(Parameter-elevation

Regressions on Independent

Slopes Model) monthly:

precipitation averaged frem .7 .7 S

1961' 1990 (Daly et aI 1994) ; J__ f ’ NOAA 24HR PMP Isohyets

Interpolated Precipitatbn 1/2 Hour Intensity

* http://www.nws.noaa.qgov/oh/hdsc/On-line reports/Hmr58/plates.htm 5 5.98-75cn
7.51 -10cm
Daly, C., R.P. Neilson, and D.L. Phillips, 1994: A Statistical-Topographic [ ]1001-125¢cn

Model for Mapping Climatological Precipitation over Mountainous Terrain. J. I 12,51 -15cn
Appl. Meteor., 33,140-158. I 1501 -175¢n




E Attributes of uslecfact. dat
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The C-Factor Is the ratio of soll
loss from land cropped under
specified conditions to
corresponding loss under tilled,
continuous fellow conditions.




K e Sell Ereaibiity: Eactor

> Used a combination of NRCS's SSURGO

(1:24000) solls data and STATSGO (1:250000)

where SSURGO was unavailable.

K-Factor

[ Joo01-002
I 003-017
B 0.18-0.20
B 021-024
B 025-0.28
B 029-032
B 0.33-037
B 035-043
B 024-064




SL ¢ Slepe LLength Eactor

Used program for Arcinfo developed by Bureau of Land Management to
calculate the Slope Length — Slope Steepness, or terrain, Factor used in USLE.

Magnification: 600% [Live] [
- i y II.-_::‘:: } ‘_ ‘_.-'_. ;-.:
i =

| 4 -
e
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[* AUTHOR: Jacek S. Blaszczynski, Physical Scientist
/* BLM NARSC, Original coding, 04/99
Revision and additions of LSFACTOR?2, 02/2000
Purpose

/* To calculate grids of values for the terrain factor of the Revised

/* Universal Soil Loss Equation from digital elevation model data using the

[* empirically based LS factor equation described in the BLM RUSLE diskette
/* (Simanton, 1987) and physical-process based LS equation developed

/* by Moore and Wilson (1992) and Mitasova (1993).

>
>
>
>
>
>
>
>
>
>
>

[* L is the slope-length factor, is the ratio of soll loss from the

/* field slope length to that from a 72.6-ft length under identical
/* conditions;

/*

/* S Is the slope-steepness factor, is the ratio of soil loss from

/* the field slope gradient to that from a 9-percent slope under
/* otherwise identical conditions;

/*

YV VV V V VY VYV V




o Intended to evaluate runoff and nutrient loading statistics for
a given local area (i.e., land use/land cover and soil
characteristics).

Runoff
Nitrogen
Phosphorus

o Version 1.0 was originally written at the University of
Kansas. Version 2.0 is modified to allow greater flexibility in
running the model within a GIS and was developed at the
University of California, Davis.

Modeling approaches for estimating watershed nutrient
runoff include the use of 1) export coefficients, 2) chemical
simulation models, and 3) loading functions .

1) Export coefficients typically describe an average unit
area for nutrient loads per year runoff.

2) Chemical simulations are much more accurate,
however they are data intensive and reguire extensive
parameterization with field data.

3) Loading approaches tend to be a compromise
between export coefficients and chemical simulations.
Leading functions therefore provide a useful means of
estimating nutrents ever large areas.




Simplex V. 2

> Combination ofi Soil Hydric Group and
Land Use

I SCS Curve Table & new_coef.dbf B ] E3




Simplex Input Parameters:

C = CN Soll Conservation Service (SCS) curve value
A = units area of analysis

R = rainfall (cm)

P = Phosphorus (kg/event) Coefficients

N = Nitrogen (kg/event) Coefficients
Curve numbers empirical relationship with S (s = maximum
potential retention)

o Dskt = (2540/C) — 25.4; where C is curve number

Qkt = Q Actual runoff depth — this is based on the CN and the
potential retention.

.  Okt=((R - (0.2*Dskt))*2 / (r + (0.8*Dskt)))

Wash off function from Amy et al. 1974
o Wkt =1 ((exp (1-8.1*Qkt)))

Particle accumulation on surfaces is a mass balance process
(Novotny and Olem 1994)

o Mwkt=Wkt*(p/0.12) * (1- (exp(-0.12)))
e P = nutrient particle of interest

Calculate loading for study area

o P=Mwkt* Area
o N =Mwkt* Area




> Introductions
> TMDL scope, schedule, and status

> Analytical tools — scope and status
o Water quality model
o Benthic algae model
o Mass balance, mixing, and residence time

calculations
o Productivity calculator

> Water quality model scenarios

> Geographic information analysis
>

> Feedback — O &A




Preliminany Iimplementatien: Plan

Concepis

> Regional Water Board shall increase efforts to
work cooperatively with- NRCS, Shasta Valley

RCD, Shasta CRMP, and Siskiyou Cty to
provide technical support and info to landowners

> Regional Water Board shall work cooperatively
with CDEG to Implement the Coho Recovery.
Strategy

> The Regional Water Board shall use waste

C
C

C

ISC
ISC
ISC

narge reo
narge rec

narge rec

uirements, general waste
uirements, and waivers of waste
uirements to regulate timber

harvest activities,




> Prohibition of riparian vegetation removal that
results In net Increase of solar radiation loads

> Farms and ranches withdrawing water directly
from the Shasta River and its tributaries,
Including near-stream zones with aguifer
iInterconnection shall develop a Ranch Water

Quantity-Quality Conservation Plan

> Design and complete restoration and
conservation projects to improve water
temperature and dissolved oxygen conditions
using prioritized sites with greatest beneficial
use potential




> Where feasible, install systems that reuse
and/or treat tailwater

> Evaluate opportunities to modify.

Impoundments to Improve water quality

> Reduce demand for water by promoting
efficient water management practices that
are economical, reliable, and practical
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Advection and diffusion
(thermal energy) /

W
|
1
|
l |
External tributary :

\ 4

/’ -
/s s
Vv

IX
N

Q.,loading decreases
with increasing depth

;s
77
/@/ ’

y

4

Bedrock

Coarse sediment

Fine sediment (e.g.
colloidal, organic)




Factors Affecting Dissolved Oxygen in the
Shasta River |
Reaeration

Water
Surface
Respiration hotosynthesis
>

| >
AN Aquatic SOD E}ifi<:: CBOD
V egetation ’
S Stream @////// /
Bed

Dissolved Oxygen Sources [ >
eReaeration

ePhotosynthesis

Dissolved Oxygen Sinks :>
eRespiration
e Sediment Oxygen Demand (SOD)
e Carbonaceous Deoxygenation (CBOD)




Dissolved Oxygen Processes

Oxygen

External tributary

—

Advection and diffusion

Mechanical aeration | (DO, BOD, NBOO)
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Pristine systems have 6°N levels of 0 %o (Steffy and Kilham 2004)
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